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SUMMARY 



An investigation of two A--ecale model configurations of an 

outboard nacelle for the XB-36 airplane was made in the Langley two- 
dimensional low- turbulence tunnels over a range of airplane lift 
coefficients (CL ■ 0 .*+09 to Cl = 0.9*+3) for three representative 
flow conditions. The purpose of the investigation was to develop 
a low-drag wing-nacelle pusher combination which incorporated an 
internal air-flow system. The present investigation has led to 
the development of a nacelle which had external drag coefficients 
of similar order of magnitude to those obtained previously from 
tests of an inboard nacelle configuration at the corresponding 
operating lift coefficients and from approximately one- third to 
one-half of those of conventional tractor designs having the same 
ratio of wing thickness to nacelle diameter. 


It was found that the total drag of nacelle configuration 2, 
in general, was lower than that of nacelle configuration 1 for the 
flight conditions investigated entirely because of the improvements 
made in the internal ducting system. At the simulated *+0, 000-foot 
climb condition, the external drag of nacelle configuration 2, 
corresponding to a lift coefficient of 0.912, was approximately 
52 percent less than that of configuration 1 due to increasing the 
stagger angle and lip radii of the air inlets. 


The results also indicated that the ^cooling fan might be 
required for the 40, 000-foot cruise condition and almost certainly 
will be required for the 40,000 -foot climb condition. 


INTRODUCTION 
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nacelles for the six-engine Consolidated heavy bomber designated 
XD- 36 , which incorporate ducting systems designed so that the 
cooling air is admitted at the wing leading edge. The results 
of one series of investigations, dealing with an inboard nacelle, 
have been presented in reference 1. The present investigation is 
concerned with the development of an outboard nacelle . 

The findings of reference 1 were taken into consideration in 
the design of the initial outboard nacelle configuration. The 
basic design is similar to that given as configuration 3 of refer- 
ence 1, but differed slightly from thi3 configuration because of 
the smaller chord and thickness ratio of the wing. The nacelle 

was constructed to scale and was tested in conjunction with an 

NACA 63(^20)-U(20 . 7 ) (approximate) airfoil at a Reynolds number of 
approximately 1.7 x 10^ through the complete calculated flight 
range of lift coefficients for three representative flow conditions: 
namely, 10,000- and hO, 000-foot cruise and 40, 000-foot climb. The 
effects on external nacelle drag of refairing the nacelle upper 
surface and installing fillets in the wing-nacelle Junctures were 
determined.’ It was found desirable from these preliminary tests 
to make several modifications in an effort to improve the flow over 
the nacelle and through the ducting system. These modifications 
consisted of changes to the air inlets and duct shapes. The 
resulting configuration was tested for the flow conditions previously 
indicated. 

It is of interest to note that the nacelle configurations 
described herein differ in general appearance from those on the 
three-dimensional installation described in reference 2 due to 
wing sweepback, plan form, and ■thickness -taper . The results 
presented in this paper, therefore, may be influenced by these 
factors. , 


COEFFICIENTS AND SYMBOLS 


C L airplane lift coefficient 

cj model lift coefficient 

c 7 airfoil section lift coefficient 
t a 

c^ airfoil section drag coefficient 
Cj^ nacelle total drag coefficient 
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Cjjp nacelle external drag coefficient (pDp " C D 3 -) 

Cp^ calculated drag coefficient caused by internal flow 
(exclusive of engine charge air) 

a airplane angle of attack 

model angle of attack 

a a section angle of attack 

q dynamic pressure 

p mass density 

V velocity measured at point of subscript 
F model nacelle frontal area ( 33.2 sq in.) 

Q volume rate of flow through duct 
c , model wing chord (16.37 in.) 

E Reynolds number based on chord 




A duct cross-sectional area 

/vjq- * f ' * 

— average total -ores sure defect coefficient 

lo • • 7 • 

AP 

^ total -pres sure loss coefficient across baffle 



4 coefficient of viscosity 

Subscripts: 
o in free stream 

n in duct inlet 

e in duct exit 
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MODEL AND APPARATUS 


Both configurations discussed herein represented an outboard 
nacelle for the XB -36 airplane and were constructed to scale. 

The nacelle designed for pusher propellers had a frontal area of 
38.2 square inches and was mounted on the center section of a 
16 . 37 -inch chord wing section of 36 -inc.h span which was built to 
the contour of an NACA 63(420) -4(20 . 7 ) (approximate) airfoil which 
corresponds to the section at the center line of the nacelle. 
Ordinates for the plain airfoil, which was tested with and without 
the nacelle, are given in percent of airfoil chord in table I. 

Configuration 1 .- A general outline of the model is shown in 
figure 1. Cooling air for the engine and intercoolers entered the 
common duct at the wing leading edge while air for the oil cooler 
and engine charge entered the underwing air inlet as shown in 
figure 2 ( a) . The engine and intercooler air exhausted through the 
outlets shown in figure 2(b) . The oil cooler and engine charge 
air exhausted through the outlets indicated in figure 2(c). Several 
views of this configuration before being assembled are presented 
in figure 3 • 

The circular tapered plug flap in the engine cooling-air 
exit slot (fig. 2 (b)) was moved fore and aft to regulate the 
engine air-flow rate, while flush- sliding and hinged-flap doors 
(figs. 2 (b) and 2 (c)) were used, respectively, to regulate the 
rate of air flow through the intercooler and oil-cooler cooling- 
air ducts. A clay constriction within the engine-charge-air 
duct( s) at a point near the exit( s) was used to regulate the 
charge-air flow. 

Thin multiple -hole orifice plates, referred to herein as 
baffles, were inserted in the ducts to simulate the resistance 
of the various heat exchangers. The locations of these baffles 
are shown in figure 1. By covering a sufficient number of the 

orifices with cellulose tape, the total -pressure loss coefficient 

HO 

called for in the test specifications (table II) were obtained for 
each of the flow conditions investigated. No heat was added, to 
simulate actual flow conditions . 

The model with large and small beaver-tail fairings and with a 
wing-nacelle fillet is shown in figure 4. These modifications 
were made with modeling clay. 
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Confiscation 2 .- This configuration, shovn In figures 5 
and 6, incorporated changes to the lower lip of the upper duct 
inlet, underwing air inlet, and the engine charge, oil-cooler, 
and intercooler ducts of configuration 1. A sketch showing the 
revisions made to the leading edge and underwing air- inlet shapes 
along the nacelle center line is presented. in figure 7» As a 
result of these modifications, the underwing air-inlet area was 
increased with a consequent reduction in inlet velocity for given 
flow rates. The engine charge-air duct outlet areas were retained $ 
the ducts, however, were redesigned to permit the discharge air 
to flow parallel to the thrust line . In an effort to reduce the 
total-pressure losses, both the oil-cooler and intercooler cooling- 
air ducts were modified forward of the respective baffles, the 
locations of which are shown in figure 5* The contours of the 
intercooler cooling-air duct outlets were refaired (figs. 1 and 5) 
to discharge the air along the wing-nacelle Juncture(s). 

The pressure drop and the rate of flow through the various’ 
ducts were adjusted in the manner indicated for configuration 1. 


TESTS AND TEST METHODS 


Tests of the nacelle model and plain airfoil were made' in 
the Langley two-dimensional low- turbulence tunnels. The tests 
included measurements of lift, drag, internal-duct losses and total- 
pressure surveys at various stations within the ducts at a 
Reynolds number of approximately 1.7 X 10°. The air-flow charac- 
teristics over the nacelle at the air inletB and outlets and in 
the wing-nacelle Junctures were determined by photographing the 
reaction of tufts. Additional drag measurements of configuration 2 
were made at a Reynolds number of 4.3 x 10° for the simulated 
cruise condition at 40,000 feet. 


For each simulated -flow condition, the drag was measured at 
six model lift coefficients corresponding to calculated airplane 
lift coefficients submitted by the manufacturer. The nacelle 
drag coefficients obtained were based on the nacelle frontal 
area of 38*2 square inches, which is equivalent to 52 square feet 
full scale, and were determined, from wake surveys by the methods 
described in reference 1 . 

In evaluating the influence -of internal flow on the nacelle 
characteristics, the following assumptions were made to facilitate 
the tests. The validity of these assumptions is substantiated in 
reference 1. It was assumed that no appreciable changes in the 
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lift characteristics occur with .change in internal flow for given 
angles of attack. The lift coefficients were measured, therefore, 
only at the beginning of the test and were corrected for tunnel- 
wall constriction effects by the methods described in reference 3 * 
It was also assumed that the average loss in total pressure between 
the rear face of the baffles and the cooling-air outlets, about 
1 percent of the free-stream dynamic pressure, is negligible. The 

total -pressure loss coefficients ^ across the baffles were 

<lo 

determined, therefore, by subtracting the average total pressure 
at the exits from that at the front face of the baffles. 


RESULTS AND DISCUSSION 


Aerodynamic force and internal pressure losses taken over 
a range of flow conditions including simulated cruise and climb 
_ operation requested by the manufacturer (table II) are presented 
’in tabular and graphical form. The drag data, taken at a model 
lift coefficient of 0 .81+5 which corresponds approximately to the 
cruise lift coefficient (C^ = O. 695 ) of the airplane, are summarized 
in table III where results for similar flight conditions of 
configurations 1 and 2 are given on the same line to facilitate 
comparison. The complete test results for configurations 1 and 2 
are presented in tables IV to IX and X to XIII, respectively. 

The lift and drag characteristics of the plain airfoil, obtained 
at Reynolds numbers of 1.7 x 10° and h.3 x 10° , are presented in 
figure 8 . The model was maintained in an aerodynamically smooth 
condition during all drag tests. 


Preliminary measurements of model lift coefficient were made 
at a Reynolds number of 1 .7 x 10° with the cooling-air outlets 
approximately half open and' with the baffles removed from the ducts. 
The curves presented in figure 9 indicate that the differences 
between configurations 1 and 2 had no effect on the maximum lift 
coefficient, but the slope of the lift curve with configuration 2 
was approximately 0.01 lower than that with configuration 1. It 
is seen by comparing figures 8 and 9 that the addition of the 
nacelle to the plain airfoil caused a h-percent reduction in 
maximum lift at a Reynolds number of 1 .7 x 10° . 


The results obtained from tests of configuration 1 with the 
baffles removed from the ducts (tables TV to VI ) are presented in 
f igure 10 as the variation of average total -pressure defect 
AH 

coefficient — § at the cooling-air outlets with flow coefficient 
<*0 


CONFIDENTIAL 


NACA BM No . L7G25 CONFIDENTIAL . 7 

• •, ' ' • , iC, 

Since it had been assumed that the average loss in. total pressure 
between the rear face of the baffles and the cooling-air outlets 

. Mi 

was negligible, the values of -j^, , given in figure 10, were used 

for runs 4, 5, and 6 (tables VII to IX) as the equivalent of 

average total -pres sure defect coefficients at the front face of 

AE a 

the baffles. From these data, therefore, the measured for 

runs 4, 5, and 6 were subtracted to determine the values of the 

total-pressure loss coefficients ££ across the baffles. 

q o . . r 

Drag .- Comparison of the drag characteristics between con- 
figurations 1 and 2 for the simulated cruise condition at 
altitudes of 10,000 and 40,000 feet and the simulated climb con- 
dition at 40,000 feet is presented in figures 11 > 12, and 13, 
respectively. ' •• 

It is seen from a reference to figures 11 and 12 that the 
increase in flow required for satisfactory engine cooling at the 
higher altitudes (one intercooler and one turbo) causes the total 
nacelle drag to increase; the internal nacelle drag increases 
more rapidly with flow rate than does the total nacelle drag. The 
external nacelle drag, therefore, decreases with increasing flow 
rate because of the improved alinement of the inlet lips at the 
higher values of inlet- velocity ratio. 

# * . v * « ' . } r % 

A comparison of the external -rnacelle -drag results for the 
simulated cruise conditions at 10,000 feet (fig. 11) and 40,000 feet 
(fig. 12) indicates that at the corresponding operating lift 
coefficients the external drag of configuration 1 is about - ' 3 to 
6 percent below that of configuration 2. The smaller internal 
nacelle drags of configuration 2 as compared with configuration 1 
due to the decreases in duct losses more than compensate the 
slight increase in external nacelle drag. . ' 

For the simulated climb condition at 40,000 feet (fig.-13), 
the external nacelle drag of configuration 1 is shown to be 
unsatisfactory through the range of lift coefficients investigated. 

It was for this reason, in particular, that the model was modified. 
The total drag of the modified model, in general, (configuration 2) 
is lower than that of nacelle configuration 1 for all flight 
conditions investigated entirely because of the improvements made 
in the internal ducting system. At the simulated 40, Q00-foot climb 
condition, the external drag of nacelle configuration 2, corresponding 
to a lift coefficient of 0.912, was found to be approximately 
52 percent less than that of configuration 1 due to increasing the 
stagger angle and lip radii of the air inlets. 
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It is to be noted that the pressure drop across the baffle 
simulating the engine for the runs indicated in figure 12 (cruise 
at 40,000 feet) was unobtainable with the required flow coefficient. 
Since the heating and propeller effects were not simulated, 
definite conclusions can not be drawn regarding the sufficiency of 
the available pressure drop. The present data indicate, however, 
that the cooling fan might be required for the 40,000 -foot cruise 
condition and almost certainly will be required for the 40, 000-foot 
climb condition. 

It is pointed out in reference 4 that external nacelle drag 
tends to decrease with decreasing relative nacelle diameter until 
the nacelle diameter becomes equal to the wing thickness. In the 
case of the nacelles for the XB-$6 airplane, not only are the 
differences in external nacelle drag, between configuration 2 of 
this paper and configuration 3 of reference 1, small for any of 
the three flow conditions investigated at the respective operating 
lift coefficients, but the ratio of wing thickness to nacelle 
diameter for the outboard nacelle is smaller than that for the 
Inboard nacelle . Under these conditions, therefore, the drag results 
obtained from tests of outboard nacelle configuration' 2 are les3 
than' expected on the basis of the inboard nacelle results. The 
external nacelle drags of the pusher- type nacelle (configuration 2) 
described In the present investigation are approximately one-third 
to one-half of those of conventional tractor nacelles (references 4 
and 5) of equivalent ratio of wing thickness to nacelle diameter. 

The effects of increased Reynolds number on nacelle drag for 
the simulated cruise condition at 40,000 feet (configuration 2) 
are shown in figure 14. The baffle adjustments and cooling-air- 
outlet areas were the same for runs 8 and 9* Since scale effect 
on pressure drop is not normally the same for the baffle as for 
the full-scale installation, no attempt wa 3 made to measure the 
total -pressure losses at the face of the baffles. 

The external fairings added to configuration 1 are shown in 
figures 4(a) to 4(c). The effects of these modifications on 
•nacelle drag were determined at an airplane lift coefficient 
of 0.695 for the flow conditions simulating cruise at 10,000 feet 
(one intercooler and one turbo). It was found that only small 
variations in external nacelle drag, within the liMt of experi- 
mental accuracy, existed as a result, of adding the beaver- tail-, 
shape fairings and wing-nacelle fillets to configuration 1. In 
view of the probable weight increase entailed, these modifications 
were considered undesirable and the tests of this nature were 
discontinued. 
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Total-pressure defect In cooling-air duct s.- The variation of 
average total-pressure defect with chordwise position within the 
engine, intercooler and oil-cooler cooling-air ducts of configura- 
tions 1 and 2 are presented in figures 15 (a) to 15(c) , respectively. 
For these tests, the total -pres sure measurements were made over a 
range of lift coefficients from 0.409 to O. 9 I 3 with the flow rates 
and pressure-drop coefficients adjusted to simulate climb at 
40,000 feet. 

' The major differences in the average total-pressure defect 
through the engine cooling-air duct of configurations 1 and 2 
occur at an airplane lift coefficient of 0.943* At this lift 
coefficient the losses at the front spar, cooling fan, and rear of 
the diffuser of configuration 2 are, respectively, about 17 , 60 , 
and 75 percent of those of configuration 1. These improvements 
in pressure recovery are attributed to increasing the stagger 
angle and lower lip radii of the leading-edge air inlet. 

The improvement in the pressure recovery within the inter- 
cooler cooling-air ducts of configuration 2 as compared with 
configuration 1 (fig. 15 ( 1 )) between the front spar and baffle 
is due to the combination of refairing the ducts to reduce the 
velocity and to increasing the, stagger angle and lower lip radii 
of the leading-edge air inlet. The differences in the total- 
pressure recoveries at the oil cooler (baffle) front -face may not 
be as large as shown by figure 15 (c) because of the differences in 
location of the baffles (figs. 2 and 5 ) and, hence, the position 
of measurement. Since the location of the baffle in the oil- 
cooler cooling-air duct of configuration 2 more nearly approximates 
that of the full-scale installation, the results for configuration 2 
are considered applicable and are more favorable as compared with 
configuration 1 due to increasing the underwing air- inlet area, 
lip radii, and stagger angle and to refairing the entire duct up 
to the baffle. 

Design considerations .- Moving- picture records of the behavior 
of tufts attached to the wing and nacelle were obtained with the 
flow rates and pressure drop coefficients adjusted to simulate the 
cruise condition at 40,000 feet (one intercooler and one turbo). 
These records (not shown) indicated that the discharging intercooler 
cooling air alleviated the stall condition in the wing-nacelle 
Juncture, • particularly at high angles of attack. It is thought, 
therefore, that for those flight conditions requiring single inter- 
cooler 'operation, some improvement in external drag may .be realized 
by opening the auxiliary intercooler cooling-air outlet door so that 
the discharging air will flow into the wing-nap ©lie juncture. 
Propeller operation, as shown in reference 2, does not appear to 
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alleviate the stall condition at the trailing edge of the wing in 
the vicinity of the nacelle at high lift coefficients. For this 
reason, further reductions in nacelle drag with power on are not 
hclieved probable . 


CONCLUSIONS 


Two-dimensional wind-tunnel tests of two scale model con- 

lk 

figurations of an outboard nacelle for the XB-3& airplane were , 
obtained, for the most part, at a Beynolds number of about 1.7 x 10® 
over a range of lift coefficients at three representative flow 
conditions. The results of these tests have indicated the 
following conclusions: 

1. The total drag of nacelle configuration 2, in general, was 
lower than that of nacelle configuration 1 for all flight conditions 
investigated entirely because of the improvements made in the internal 
ducting system. 

2. At the simulated kO, 000-foot climb condition, the external 
drag of nacelle configuration 2, corresponding to a lift coefficient 
of 0 . 912 , was approximately 52 percent less than that of configura- 
tion 1 due to increasing the stagger angle and lip radii of the. 
air inlets. 

3 . The external drag coefficients of nacelle configuration 2 
are approximately one -third to one-half of those of conventional 
tractor designs having the same ratio of wing thickness to nacelle 
diameter. 

k. The cooling fan might be required for the Uo, 000 -foot 
cruise condition and almost certainly will be required for the 
^0, 000-foot climb condition. 
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TABLE I 

ORDINATES FOR THE NACA 63(1+20 )-l+(20. 7 ) (approx. ) AIRFOIL 

[Stations and ordinates given in percent 
of airfoil chord] 



CONFIDENTIAL 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


• • •• 


TABIJ? TI.- TEST SPECIFICATIONS FOB j^-SCALE MODEL OF XB-36 OITTBOABD NACF7XE 


[Except, as nr ted , ell rune were made in the Langley two- 4 linen Monel low- turbulence tunnel at a Beynolds number 
of approximate ly 1.68 x 10 °; when single Intercooler or engine -charge -air operation wan required the right 
hand exlta were sealed; flap and flush type doors were used respectively on the oil-cooler and Intercooler 
cooling-air outlets^ 
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cooling air 

Intercooler 
cooling air 

Engine 

charge 

air 

Altitude 

(ft) 
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c L 

Pemarks 
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uration 
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2 
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^0 

AP 
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JL 

AP 

«o 


AP 

80 

JL 

1 


0.0252 


0.0068 
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Cruise 
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Cruise 

.667 L 
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. 912 J 


4 

7 
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.685 

Effects of beaver-tall fairings and fillets on drag determined 













for configuration 1 at - 0.695 

5 

8 
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.730 

.0130 

.397 
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.360 

.0059 

40,000 
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.667 

Behavior of tufts on nacelle and wing were photographed 
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.0370 

(c) 

.0130 

(c) 

.0069 

(c) 

.0059 

40,000 

Crulee 

.667 

B - 4.28 x I 06 , TDT* 

“6 

“10 

. 01 * 1 V) 

max 

.0176 

.667 

.0165 

.527 

.0113 

40,000 

Climb 

.912 

Total pressure recoveries msasured In cooling- air ducts 


''Both Intercooler and engine charge- air ducts open. 
bTwo-d Imnnslonal low- turbulence pressure tunnel . 
c Same baffle eettlng as run 8 . 
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Ain 

(b) 
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0.0492 

0.0360 

7 

11 

X 

0.0261 

0.300 
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0.0376 
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.0239 
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IV 

14 

XII 

.0359 

(b) 

.0130 

(b) 

.0071 

(b) 

.0058 

.0731 

.0260 

6 

13 

n 

.04 to 

.552 

.0181 

.67? 
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.49? 

.0110 

.1737 
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10 

13 

XIII 

.0464 

.514 

.0181 

. 68 j 

.0176 

.519 

.0111 

.0998 

.0221 


“Obtained from faired curve plotted against 
^Not measured. 
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.0011 





.aLs 


.096 



.0257 


.030 



.0011 






.39 

.118 



.0231 


.036 



.0011 





L. 0 U 5 

.39 

.165 



.0236 


.054 



.0012 






L .121 





rP SSL 


.079 



.0012 
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TABLE VI 
lit IN U 


RESULTS OF COOLING TESTS OF f*-SCALF. MODEL OF XB- 3 B OUTBOARD NACELLE 
WITH LEADING-EDGE AIR INLETS 


COMPLETE MODEL 
CONKI OH RATION 1 


A I R PI. A NE 


c 

a 

L 

>.o 

o.^ 

>0 

♦ 589 

S2 

.695 

z,o 

.lol 

3.2 

.875 

■KO 

.9U5 


Cl 


INTERNAL 


TOTAL 


EXTERNA 


LOWER DUCT INLET 


OIL-COOLER 

ENGINE CHARGE-AIR DUCTS 


Ap 

<1. 

c °i 

Ah 

-An 

*0 

Q 

c D) 

EXIT 

EX IT 

FV o 

NO 

RAFFLE 

BAFFLE 

NO 

BAFFLE 

RAFFLE 

0.476 



0.0192 


0.187 



0.0117 








• 1 | 62 



.0181 


.132 



.Olllj 








•U65 



.0180 


.184 



.0115 





. 1+74 



.0176 


.182 



.0112 








.1+80 



.0169 


.181 



.0110 








.502 



.0162 


_ti 22 



.0108 






0*5 26 


.J26 

.Sk5 
_*2 2 k 
i»o 45 
1*121 



1*01 


•Sk. 

j£i 


•88 


UPPER DUCT INLET 

<•/ 

V 

V o 

ENGINE AIR DUCT 

INTERCOOLER DUCTS 

Ah 

A p 
% 

0 

>v o 

c °i 

q 

0 

Ap 

Q 

FV 

0 

Cd i 

EX IT 

EXIT 

NO 

BAFFLE 

baffle 

NO 

baffle 

RAFFLE 

0.526 

0*92 

0.165 



3.0475 


0.338 



0.0156 








.726 

.92 

.166 



.0475 


a 

• 



.0160 








.045 

.92 

.171 



.0472 


.358 



.0160 








.924 

1.045 

.92 

.86 

.186 



.01(^69 


.377 



.0161 








• 55 1 



.0426 


.445 



.0163 








1.121 

.04 

^kZL 



.0418 


-skSL 



.0161 
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UPPER DUCT INLET 


c l 

a 0 
>!> 


ENGINE AIR 

DUCT 


LEFT-HAND 

INTERCOOLER DUCT 

Ah 

q o 

A p 

q o 

9 

rv o 

C °i 

A 

q 

_H_ 

0 

Ap 

q o 

Q 

FV 

0 

C °1 

EX IT 

exit 

NO 

BAFFLE 

baffle 

no 

baffle 

BAFFLE 

0.526 

0.57 

0.076 

0.411 

0.335 

0.0242 

0.0113 

0.029 

o.o4c 

0.011 

0.0011 

0.0000 

.726 

,37 

.07a 

.41A 

.556 

.0243 

.0113 

.028 

.043 

iPli 

.poll 

.0000 

.845 

.57 

.091 

.419 

.328 

.02411 

.0116 

;030 

.042 

.012 

.0011 

.0001 

.924 

.37 

.106 

.450 

.522 

.0243 

.0119 

.036 

. tflLZ 

.011 

.0011 

.0001 

l.o45 

• 57 

.156 

.475 

.517 

.0243 

.0113 

.047 


.012 

.0011 

.0001 

1*121 

^22 

.236 

♦5 56 

.320 

.0245 

.0163 

.079 

.082 

.005 

.0012 

.0001 
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TABLE VIII.- RESULTS OF COOLIVO AID D«AO TESTS OF , -SCALE MODEL OF JCB-.1B OUTBOARD NACELLE 

1 4 

KUN 5 WITH LEADINO-EDGE AIR INLETS 


COMPLETE MODEL 
CONHUIJKATION 1. 


A I H PLANE 


INTERNAL 


total 


EXTERNAL 


LOWER DUCT INLET 


k 


OIL-COOLER 


Ah 

% 


EXIT 


BA^LF BAFFLF 


Ap 


tv: 


LEFT-HAND ENGINE CHARGE -A IH DECT 


Ah 


EX IT 


BAFFLE BAFFLE 


-4ll 

In 


0 

FV 


3,0 


0.4Q9 


0.9260.0590 


0.0815 


0.0265 


0.68 


0.292 


0.734 


0.442 


0.014.20.0157 


0.127 


0.0065 


0.0008 


5 l 0 


42 


JiO 


a.2 


9.0 


.589 


.695 


♦726 

.045 


.0548 


.0761 


.0213 


.66 


.503 


.709 


.406 


.0138 


.0127 


.120 


.767 




.924 

1.045 


.005 1 

.0547 


♦ OQOl 
.0834 


. 0250 

.0287 


.64 

.65 


.300 


.305 


. 692 

.682 


.392 

.377 


.0135 

.0133 


.0120 


.118 


.0116 


.122 


.0607 


.1263 


.0656 


.62 


.325 


.667 


.342 


.0130 


.0110 


.129 


dhl 


1. 12l| .0699 


.61 


.357 


.665 


.308 


.0128 


.0108 


.139 


.0064 


.0008 


.0062 


.0008 


.0061 


.0008 


.0061 


.0008 


.0060 


.0009 


UPPER DUCT INLET 


c l 

-V 

V o 


ENGINE AIR 

DUCT 


LEFT-HAND 

I NTERCOOLFR DUCT 

: h 
*0 

A p 

0 

FV 0 

c °i 

5 

4 

_H 

0 

Ap 

*o 

Q 

FV o 

C D, 

EX IT 

EXIT 

NO 

BAFFLE 

baffle 

NO 

BAFFLE 

BAFFLE 

0.526 

0.65 

O.ljl 

0.73I 

0.603 

0.0381 

0.0368 

0.204 

a 562 

0.358 

0.0066 

0.0045 

.726 

.65 

.135 

•746 

.611 

• 037', 

.0373 

,•235 

•379 

• 341) 

.0068 

.0048 

.845 

.65 

.444 

•751 

.607 

.0375 

.0380 

.254 

.608 

.354 

.0068 

.0051 

.924 

.62 

.179 

.771 

.592 

.0361 

.0377 

.312 

.631 

♦319 

.0069 

.0054 

1.045 

• 6I4 

.246 

.829 

.583 

.0372 

.0437 . 

.372 

.697 

.325 

.0067 

.0060 

1,121 

• 66 

.330 

.896 

• 5^6 


• 0522 

_ik 51 

.768 


.0067 

.0069 
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TABLE IX RESULTS OF COOLINT. AND DR A 0 TESTS OF ^-SCALE MODEL OF XB -3 ft OUTROARD NACELLE 

Rl,N 6 WITH LEADINO-EDOE AIR INLETS 


COMPLETE MODEL 
CONFIGURATION 1 


LOWER DUCT INLET 


OIL-COOLER 


A TRPLANE 

c i 

X 

Cr 

Dp 

C D 

°P 

V 

v n 

v 0 

Ah 

X, 

Ap 

tF. 

x 

Ah 

TT 

Ap 

<3 

X 

EX IT 

EX IT 

FV „ 

a 

c 

L 

INTERNAL 

TOTAL 

EXTERNAL 

NO 

RAFFLE 

RAFFLE 

>0 

BAFFLE 

baffle 

3.0 

0.409 

0.526 

CIIO3I 

0.1692 

0.0661 

0.99 

0.476 

1.18] 

0.705 

0.0192 

0,0383 

0.142 



0.0113 

0.0017 

5.0 

.589 

.726 

.1056 

.1757 

.0721 

.96 

.473 

1.16c 

.687 

.0184 

.0367 

.137 



.0111 

.0016 

6*2 

.695 

. 81*5 

.1046 

.1690 

,o6l*4 

.95 

•469 

i.i43 

.672 

.0181 

.0362 

.i44 



.0110 

.0017 

7.0 

.767 

• 92 i* 

.1059 

.1846 

.0787 

.93 

.490 

1.12c 

.636 

.0180 

. 0360 

.il*i 



.0110 

.0016 

82 

.875 

1.0U5 

.1117 

.1913 

.0796 

.93' 

.515 

1.10^ 

.590 

.0177 

.0353 

. 11)7 



.0107 

.0016 

9.0 

.945 

1.121 

.1222 

.2523 

.1301 

.91 

• 552 

1.092 

.540 

.0173 

.0346 

.164 



.0105 

.0018 


KN 01 NK CHARGE-AIR DUCTS 





UPPER 

DUCT INL 

ET 

c ; 

V 

V o 


ENOINE AIR 

DUCT 


INTERCOOLER DUCTS 

Ah 

X, 

A p 

q o 

0 

> v o 

X 

5 

4 

H 

0 

*0 

Q 

FV o 

C °1 

EX IT 

EX IT 

Ml 

baffle 

BAFFLE 

NO 

baffle 

RAFFLE 

0.526 

094 

1167 

0.705 

0.538 

0.0480 

0.0437 

0.403 

0.872 

0.46s 

0.0164 

0.0211 

.726 

.94 

.167 

.715 

.548 

.0484 

.0449 

.379 

.884 

.505 

.0165 

.0220 

.845 

.94 

.174 

.726 

.532 

.0485 

.0461 

.404 

.896 

•h 9 ‘ 

.0165 

.0223 

.924 

.94 

.187 

.741 

.534 

.0480 

.0469 

.390 

.909 

.51s 

.0165 

.0230 

1.045 

.90 

.1*03 

.808 

.405 

.0453 

.0509 

. 1*49 

.952 

.503 

.0164 

.0255 

1.121 

.88 

.541 

.871 

.330 

.041*0 

■-i 2 S §5 

• 4 8 ? 

•??7 

.514 

.0165 

.0311 
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table x 

RIJN 7 


.- RESULTS OF COOLING AND DRAG TESTS OF f -SCALE MODEL OF XR-3fl OUTROARD NACELLE 

1 4 

WITH LEADING-EDGE AIR INLETS 


COWPLKTF MODEL 
CONKI GUIIATION 2 


A IRP1 A NF 


5,2 0^22 


5-0 


6.2 


to 


a.2 




.589 


• 625 . 


.767 


.876 


tM 




0.526 


•726 


sflks 

.924 


l.ok .5 


I STERNA I. 


0. oii6_ 0.0398 


.0114 


.0116 

.0118 


.0130 


1.1214 .0158 


TOTAL 


EXTERNA! 


.0447 


.0U9 2 

.0558 


.0896 


0.0282 


.0335 


^0376 

.0440 


.0766 


LOWER Ot'CT ISLET 


V 


0.28 


.28 


.28 

.27 


.27 


OIL-COOLER 


•Ah 


HAH'! JO 


0.101 


.050 


♦ 044 
.Ok 5 


. 0I+6 


KX 1 1 


0.225 


.166 


,l6l 

jd5k 


ak 8 


A p 
0 „ 


0.122 


.11 6 


tiil 


.106 


.102 


.27 1 ,o48| . lli7 1 .099I .0063 .0010 


'FVn 


0.00670.0016 


.0066 


.0065 


.0065 


.0063 


.0012 


.0011 

.0010 


.0010 


LEFT-HAND ENGINE CHARGE-AIR DUCT 


Ah 


bahte 


0.09U 


EXIT 


.027 


^29 


■ 035 


■ Q 59 


.036 


An 


0,0029 


_Q_ 

F V 


.0029 


>0029 


,0029 


.0029 


0 , 000 $ 


UPPER DUCT INLET 


c l 

V 

V o 

ENOINE AIR DUCT 

LEFT-HAND intercoolfr DUCT 

Ah 

*0 

Ap 

q o 

Q 

rv o 

% 

A H 
q 

0 

Ap 

Q 

FV 

0 

C °1 

HAKME 

EXIT 

BAm*: 

EXIT 

0.526 

0.38 

a 053 

0.345 

0.296 

0.025S 

0.0100 

0.012 

r 1 
C\J 
O 

. 

O 

0.009 

0.0010 

0.000c 

.726 

.38 

.055 

.353 

.298 

.026C 

.0102 

.013 

.022 

.009 

.0010 

.000c 

. 8 k 5 

.38 

.059 

• 35 S 

• 

V>l 

O 

O 

.0261 

.0104 

.015 

.025 

.009 

.0010 

.000c 

.924 

>39 

.066 

.366 

.302 

.0263 

.0108 

.017 

.023 

.006 

.0010 

.000c 

1 . 0 k 5 

• 59 

.096 

•kot 

.304 

.026* 

.0120 

.023 

.034 

.on 

.0011 

.000c 

1.121 

.40 

.!k 5 


.330 

.026$ 

.0148 

.039 

.04* 

.008 

.0 Oil 

.000c 
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TABLE XI 
RUN 8 


RESULTS OF COOLINO AND DRA 0 TESTS OF ..-SCALE MODEL OF XR-30 OUTBOARD NACELLE 

I A 

WITH LEAD INO-EDOE AIR INLETS 


COMPtETE MODEL 
CONFIGURATION 2 


\ IRP1.ANE 

a 

c 

L 

5.0 

0.1i09 

.>0 

.589 


.695 

1.0 

.767 

1.2 

.875 

?.o 

.943 


C l 


INTERNAL 


TOTAL 


EXTERNAL 


LOWER DUCT INLET 


V 


OIL-COOLER 


Ah 

Ho 


HALT IF 


EXIT 


Ap 

H„ 


Tv n 


LEFT-HAND ENGINE CHARGE-AIR DUCT 


All 


BAFFLE 


EXIT 


Jk. 

Ho 


0 

PV 


> 0.526 


0.04560. 0695 


0.0239 


.726 


■? 0 k 5 S 


■o 6 j >5 


.0236 


.845 

.924 

i.o 45 


.oit 67 


■0473 


.0725 

.0778 


.0258 


.99P.137 
* 135 - 
»97| .131 


0 . 568 0-431 


0.0138 


0.0094 


0.039 


0.0062 


0.0002 


*58 


.0305 


56 .130 


-*550 
_* 5 i 6 
♦ 508 


■525 


*0151 


.0085 


■045 


.0061 


*585 


*0155 


.0081 


.042 


.0061 


jl37-8 


.0132 


*ooi2 


.041 


.0061 


.04 87 


.0984 


.0497 


*55 


.128 


.423 


^565 


♦0129 


.0074 


.041 


.0060 


1.121 


.054c 


.53 


.129 


4861 .*37 


.0127 


.0072 


*014 


.0060 


,0005 


.0005 

.0002 


.0002 


.0003 


UPPER DUCT INLET 

c i 

-_V 

V o 

ENGINE AIR DUCT 

LEFT-HAND 

INTERCOOLER DUCT 

Ah 

^0 

A p 

q o 

0 

> v o 

C °1 

A H 
4 

0 

Ap 

<*0 

9 

FV o 

C °1 

HA 1 * 1 JS 

EXIT 

RAKHjE 

EXIT 

0.526 

a 58 

0.088 

0.716 

a 628 

0 . 0344 . 

ao32o 

0.166 

0.512 

q .346 

0.0069 

0.0042 

.726 

•52 

.090 

.722 

.632 

.0350 

.0330 

.165 

.527 

.362 

.0070 

.0044 

■845 

.60 

• 025 

.732 

.632 

.0554 

.0341 

.161 

.537 

.376 

.0070 

.0045 

.924 

.60 

.022 

.738 

• 6I46 

■ 0357 

.0348 

.171 

. -546 

•375 

•0070 

.00I+6 

1.045 

.61 

.115 

.756 

.641 

.0361 

.0365 

.180 

.562 

.382 

.0070 

.0048 

1.121 

• 63 

•i 47 , 

. 80 S 

, 6^8 

• 0374 

. 04 18 

.269 

.582 

sllL 

.0070 

.0050 
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UPPER DUCT INLET 


c l 


2 m $2£ 

.726 

^aki 

•92 k 
l.Qb 5 
1.121 


0.59 

.60 

.61 

.61 

.62 

.62 


ENGINE AIR DUCT 


Ah 


HAH*LE 


DO 

a? 

H 
C 
a r. 


MX IT 


Pt7 39 
jJko 
♦7b 6 

.761 


A£_ 


0 

rv. 


Q.Q3b6 

.0556 

♦0339 

.0339 

.0363 

♦0365 


0.0337. 

♦ 03b 8 
.0333 
.0336 
.037Q 
•0224 


LEFT-HAND INTERCOOLER DUCT 


A H 

q 


BACTlii 


72 

< 

W 

3F 


H 

O 

ar. 


KXTT 


0.517 

>3b-8 

.363 

.597 

.602 


Ap 

1o 


<J 

FV 


0.0069 

.0070 

.OO7I 

.0071 

.0 .973 

■1OOH 


C D , 


0-00b2 
.oob 5 
,oob 6 
.oob9 
.0051 
.005b. 
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TABLE XIII - RESULTS OF COOLING AND DRAG TESTS OF -SCALE MODEL OF XB -36 OUTBOARD NACELLE 
RUN 10 14 

WITH LEADINO-EDGE AIR INLETS 


COMPLETE MODEL 
CONFIGURATION 2 . 


LOWER DUCT INLET 


OIL-COOLER 


A I R PI. A NE 

c l 

c °. 

Cd 

°F 

Cp 

»p 

> 
v 0 

'.11 
‘ % 

Ap 


- c °, 

Ah 

^ 0 

_Al 

<0 

Q 


UAL VIE 

EXIT 

BAFFLE 

EXIT 

FV 

0 

a 

C 

L 

INTERNAL 

TOTAL 

EXTERNAL 

>0 

5.0 

0.I409 

0.526 

0.0793 

0.0999 

0.0206 

a 89 

0.119 

0.870 

0.731 

0.0189 

0.021+2 


0.085 


0.0111+ 

0.0010 

.589 

.726 

.077I+ 

.0991 

.0217 

.87 

.126 

.858 

.712 

.0185 

.0212 


.083 


.0112 

.0009 

(.2 

.695 

♦845 

.0766 

.0287 

.0221 

.86 

.129 

.8l6 

.687 

.0181 

.0206 


.090 


.0111 

.0010 

7.0 

.767 

.924 

.0772 

.0996 

.0224 

. 81 + 

.13I+ 

.798 

• 661 + 

.0176 

. 0191 + 


.089 


.0110 

.0010 

as 

.875 

1 . 01+5 

.0797 

.1158 

.0561 

.85 

.150 

.781 

.651 

.0174 

.0185 


.102 


.0108 

.0011 

2*o 

♦9431 

1.121 

.0855 

.1765 

.0910 

.81 

.167 

•774 

.607 

.0169 

.0177 


.125 


.0107 

rH 

0 

0 

. 


ENGINE CHARGE-AIR DUCTS 


UPPER DUCT INLET 


c l 

_v 

V o 

ENOINE A IR DUCT 

INTERCOOLER DUCTS 

Ah 

^0 

A p 

e 

> v o 

c ». 

A H 
4 

0 

Ap 

q o 

4 

FV o 


ravvif: 

EXIT 

BAVVIE 

EXIT 

0.526 

0.91 

O.I52 

0.668 

0.516 

0.047c 

0.0399 

0.192 

0.693 

0.499 

0.0171 

0.0152 

.726 

•91 

.151 

.665 

.514 

. 046 * 

.0393 

.199 

•713 

.514 

.0175 

.0162 

. 81+3 

.91 

.152 

.666 

.514 

• ol| 61 ] 

.0393 

.208 

.727 

•519 

.0176 

.0167 

.921+ 

.90 

.156 

.679 

.523 

.0463 

.0402 

.214 

- 7^3 

.557 

.0176 

.0176 

1.045 

.91 

.169 

• 696 

.527 

• 0I4. 66 

.0418 

.2l t 8 

•793 

•543 

.0178 

.0194 

1.121 

.87 



.1+89 

.oil 38 

. 01+76 

. 273 ,. 

.827 

• 554 

•0171 

.0202 
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Figure 1.- General arrangement of -jj-scale model of XB-36 outboard nacelle; configuration 1. 
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Figure 2. - 


(a) Front view showing air inlets. 

— -scale model of the XB-36 outboard nacelle: configuration 1. 
14 
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(b) Rear top view showing cooling -air outlets. 
Figure 2.- Continued. 
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(c) Rear bottom view showing air outlets. 


Figure 2.- Concluded. 
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Figure 3. - 


Various views of parts of 


— -scale model of XR-3G outboard nacelle; configuration 1. 
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(a) Front top view showing small beaver tail fairing. 

Figure 4.- --scale model of XB-36 outboard nacelle with external fairings; configuration 1, 
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(b) Front top view showing large beaver tail fairing. 
Figure 4.- Continued. 
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(c) Profile view showing large beaver tail fairing and wing-nacelle fillet. 

Figure 4.- Concluded. 


CONFIDENTIAL national advisoh* commit hi *•* aehonaiiiics 

l ANGLE Y MIM'lHiAi At MONAll I ICAl |A80NA»<J«r I ANI.I I » tilth VA 


NACA RM No. L7G25 Fig. 4c 



• • • 

• • 
4 * 


CONFIDENTIAL 


symmetrical 


Baffle plate - 
to simulate 
oil cooler 


-Oil-cooler cooling- 
air outlet 


- Mahogany plugs 



CONFIDENTIAL 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


Section A A 


Oil cooler cooling- 
air duct 


Figure 5. 


General arrangement of 


14 


-scale model of XB-3d outboard nacelle; configuration 


2 . 


cn 


NACA RM No. L7G25 Fig. 


CONFIDENT! AL 


•••• •••• 



(a) Front view showing lending-edge air inlot (model inverted). 
Figure 6.- — -scale model of XB-36 outboard nacelle; configuration 2. 
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(b) Front view showing underwing air inlet (model inverted). 

Figure 6.- Continued. 
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(c) Profile of model inverted. 


Figure 6.- Concluded. 
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LOCATION AND iAaGNITUDE OF LI? 

Radii along center lime of 

XB-36 OUTBOARD NACELLE MODELS 
(percent of airfoil chord) 


Config- 

uration 

Leading-edge air-inlet 

Lip radius Radius center at 

Upper 

Lower 

Upper 

Lower 

x = 2.266 
-y = 4.416 

1 

0.436 

0.684 

-x = O.873 
_-y = -055 ; 

2 

.H36 

.732 

-x = 0.873 
-y = .035 

1 

X = .;.dl|0 
-T = U.jyd 


Conf ig- 
uration 

Under wing air-inlet 

Lip radius 

Radius center at 

1 

0.819 

X = 5.210 



-y = 9-jW 

2 

.892 

x = 6.87 2 

-y = 9-911* 
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Figure Profile of air inlets of configurations 1 and 2; oenter line of l/lli-scale model of XB-36 outboard nacelle. 
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Figure 1C.- Variation of total pressure defect at the cooling air duct exits with flew 
coefficient for 1/lli-scale model of XB-56 outboard nacelle. Coni Igurstion 1; 
runs 1 to 3; no baffles; R - 1.63 * 10&. 
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Figure // . - Drag characteristics of 1/14-scale 
model of XB-36 outboard nacelle (exclusive 
of engine charge air) based on model nacelle 
frontal area. Cruise condition at 

10,000 feet; R = 1.68 x 10^. 
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Figure /2.- Drag characteristics of l/lli-scale 
model of XB-36 outboard nacelle (exclusive 
of engine charge air) based on model nacelle 
frontal area. Cruise condition at 
1+0,000 feet; R = 1.68 x 10^. 
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Figure 13 Drag characteristics of l/l4-scale 
model of XB-J6 outboard nacelle (exclusive 
of engine charge air) based on model nacelle 
frontal area. Climb condition at 

i|0,000 feet; R = 1.68 x 10 6 . 
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Figure /4.- Drag scale effect of l/ll+-scale model 
of XB -36 outboard nacelle (exclusive of engine 
charge air) based on mocel nacelle frontal area. 
Configuration 2; cruise condition at 1 + 0,000 feet. 
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(a) Engine oooling-alr duct. 


figure 15 . - 


average total pressure defect at several chordwise positions within the cooling-air duct; l/li^-scale model of the 
>LB-36 outboarc nacelle. Climb condition at i|0,000 feet; h = 1.66 * 10^. 


Cn 

P 


A RM No. L7G25 Fig. 


Average total pressure cefect 


• • •• 


* • • • • 
• • • • 

• • • ••• 


• •• • 
• • • 




* 



r 

C 

r 

ONF 

IDEh 

— " — r 

JTIA 

4 

it 

i| 

































- --q 
=€1 



















Exit 























i 

Baffle — ^ 



— — 









1 . 












1 4 
1 





































1 - - 







heur spar 
















X 

A 





i 







y 



A 











,/ 

/ 

4 







5 



1 



' 










1 re 

>nt spar 

/ 


% 









2- 




/ 

■7^ 








4 







■A — 

/ 

yy 

' 










1 



✓ 













0 



7 



Configuration 1 






10 20 50 ho 50 6° 70 


— 1 — l — l — l 1 1 









N 

Q T>e 5 


rera.fi 
in te 

;e 01 

ircoolers 

1 — 

1 













‘ 

r 
























.$> 





















- — -Vi 















— o» 



— t 



.r°\ 













. . 


1 



C I 

- 0 o.LiC 
n .Sc 

- O .6$ 
A .7C 
v .A’: 

4 










Exi t 

g ' 






Baffle 




1 

;? ■ 












r> 

• 9b} 








LL_ 


i 













■ 
















. 





















t 









l 

_1 

















Frc 

— 1 — 
>nt spar 

l . 


y' t 



; ■ 




















k 


1 

- 


















Configuration 2 






10 20 50 Uo 50 60 JO 


CONFIDENTIAL 


Percent wing chord 


NATIONAL ADVISORY 
COMMITTEE FOP AERONAUTICS 


(b) Intercooler cooling-air ducts. 


Figure /5.- Continued. 
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(c) 011-cooler cooling-air ouot. 
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